Abstract
INTRODUCTION
Video-assisted thoracic surgery lobectomy (VATS-L), compared to lobectomy by thoracotomy, is associated with superior postoperative outcomes and fewer postoperative complications [1, 2] . However, the safety of VATS lymphadenectomy (LA) performed in limited-volume centres or during the learning curve (LC) phase is still debated [3] . This aim of this study was to analyse the Italian VATS-L database (www.vatsgroup.org) to evaluate which factors may influence the safety of LA performed during VATS-L for clinical N0 and N1 non-small-cell lung cancer (NSCLC). An analysis from a large sample size and national database may allow a more comprehensive understanding of VATS LA. †Presented at the 31st Annual Meeting of the European Association for CardioThoracic Surgery, Vienna, Austria, 7-11 October 2017.
MATERIALS AND METHODS

Data source
The Italian VATS Group database (www.vatsgroup.org) is a multicentre, web-based database, including clinical data, outcomes and patterns of care of patients treated with a VATS-L. The Italian VATS Group has maintained this prospective database since January 2014 [4] . At the time of the latest report, the database included 55 affiliated centres (general thoracic surgery units or services) and 5053 collected cases. Data may be inserted in the database using a standardized form that includes information about patient demographics, medical history, surgical procedures, cancer staging and outcomes. Follow-up are requested at 30 days, every 6 months for the first 2 years and yearly thereafter. Data are handled by the VATS Group Scientific Advisory Board. The database implements rigorous quality assurance and safety procedures to maintain a high level of accuracy and security of data such as real-time web-based input checks, quality assurance reports provided by data managers and on-site audits by a Quality Committee. Security features include firewall security, web password-protected access and data encryption over the Internet. To be included in the database, patients must meet the criteria of a VATS-L as defined by the VATS Group policy: surgery performed exclusively by monitor vision, access incision <6 cm without rib spreading, 1-3 additional 1-cm ports, individual dissection of hilar structures with associated LA and use of an endobag for specimen extraction. The extent of LA is defined following the European Society of Thoracic Surgeons (ESTS) guidelines for intraoperative lymph node (LN) staging in NSCLC [5] .
Patient population
The study population included patients undergoing VATS-L as a primary procedure for NSCLC within accredited VATS Group centres and enrolled in the VATS Group Database between 1 January 2014 and 30 March 2017. The other inclusion criteria were at least 30 days of complete follow-up, >75 VATS-L casecentre experience, a final diagnosis consistent with at least one of the American Joint Committee on Cancer-defined NSCLC subtypes [6] , no previous radiotherapy or surgery on the same side, cN0 or cN1 disease and at least 1 dissected LN. Patient records in the VATS registry included age, gender, Charlson and Eastern Cooperative Oncology Group (ECOG) comorbidity score [7, 8] and the technique of VATS lobectomy. The preoperative clinical stage was determined based on the results of preoperative computed tomography scan, positron emission tomography scan, mediastinoscopy and endoscopic bronchial or oesophagal ultrasound. The lower limit of 75 cases was used in the analysis to include only data from high-volume experienced centres and excluding, on the contrary, centres in the initial phase of the LC. The final postoperative pathology report was available for all patients. Specific data on intraoperative LN management were also recorded following the European Society of Thoracic Surgeons (ESTS) guidelines on intraoperative staging [5] and including the number of resected LNs (overall count N1 + N2; N1 nodes and N2 nodes counted separately). Complications were defined as any deviation from the standard postoperative course [9] and recorded according to the Clavien-Dindo classification [10] , including pulmonary, pleural, cardiac, renal, gastrointestinal, neurological, wound and other complications. Given the relatively short follow-up time, long-term overall and diseasefree survival data were not yet available for this population. The end-point of the study was to analyse the safety of LA performed during VATS-L. To accomplish this task, intraoperative (operative time and conversion rate) and postoperative (30-day morbidity and mortality, chest drain duration and length of stay) outcomes were analysed and correlated with the extension of VATS LA. The extension of LA was evaluated based on the number of dissected LNs (total number, N1 nodes and N2 nodes) and on the rate of overall nodal upstaging (NU); N0-to-N1, N0-to-N2 and N1-to-N2 upstaging were also separately evaluated. Data were pooled from the registry using a dedicated query on 14 January 2017. The study was peer reviewed and approved by the Italian VATS Group scientific advisory board and by the Institutional Research Reviewer Board (IRRB) for data collection, transmission, storage and analysis (81/2014/O/Oss). All the patients included in the Italian VATS group prospective database study signed a dedicated informed consent, and each participating centre obtained their own IRRB approval. The informed consent contained detailed information on the use of all collected data for scientific purposes.
Statistical analysis
Continuous variables were reported as the mean ± standard deviation, whereas categorical variables were given as percentages. Unpaired Student's t-test was used to compare continuous data, and Pearson's v 2 and Fisher's exact test were used for categorical variables. Univariable analysis was performed on selected variables. The variables resulting significant at the 0.30 level were entered in a Cox multivariable logistic regression model using the occurrence of overall and specific complications as dependent variables. The significance was set at the 0.05 level. The Spearman's rank correlation coefficient was applied when needed; associations were defined as minimal (coefficients between 0.10 and 0.29), moderate (coefficients between 0.30 and 0.49) or strong (coefficients > _0.50) [11] . Statistical analysis was performed using SPSS 24.0 (SPSS Inc., Chicago, IL, USA) and R 3.3.1 (R Core Team, 2016) .
RESULTS
In the selected time frame, 4542 cases of VATS-L were enrolled in the database. Of these, 318 patients were excluded for the following reasons: benign disease (n = 73), malignancy other than NSCLC (n = 156), previous thoracic surgery (n = 58), clinical N2 disease (n = 19) and preoperative radiotherapy (n = 12). Data from the 23 centres who referred >75 cases and passing the data quality check, according to the ESTS [12] , eventually generated a data set of 3181 VATS-L (men: 2077, 65.3%; mean age 69 years) eligible for analysis. Demographics and tumour characteristics are presented in Table 1 . The majority of the patients (2922, 91.9%) presented in clinical N0 stage, while 259 (8%) patients in N1 stage. LA was defined as systematic lymph node dissection (LND) in 2439 (76.7%) and as LN sampling in 742 (23.3%) patients [5] .
The total (N1 + N2), N1 and N2 mean number of resected LNs was 13.42 ± 8.24, 6.32 ± 4.56 and 7.10 ± 5.63 , respectively. The distribution of the number of resected LNs per centre was homogeneous, as shown in Fig. 1 . NU occurred in 308 (9.68%) patients: N0-to-N1 NU [153 (4.81%)], N0-to-N2 [139 (4.37%)] and N1-to-N2 [16 (0.50%)]. Overall NU was significantly associated with the total number (N1 + N2) of resected LNs (P < 0.001), with the number of resected N1 nodes (P < 0.001) and with the number of resected N2 nodes (P = 0.012).
The mean operative time was 187.4 ± 69.9 min; conversion occurred in 297 (9.3%) cases, of which 92 (2.9%) for major bleeding, 80 (2.5%) for calcified pulmonary artery nodes, 71 (2.2%) for a tumour crossing fissures and/or in an advanced stage and 54 (%1.7) for other reasons. The mean chest drain duration was 4.64 ± 3.36 days; hospitalization lasted on average 6.43 ± 5.54 days. No 30-day mortality was recorded in this population (compared with an overall database 30-day mortality of 9 of 4542, 0.20%). We recorded 655 complications (20.6%) in 404 of 3181 (12.7%) patients. The distribution of postoperative complications is presented in Table 2 .
After univariable analysis, no significant association was found between the number of resected LNs and intraoperative and postoperative outcomes; multivariable analysis showed a growing risk of prolonged air leak with the number of resected LNs ( Table 3) .
The association between NU and intraoperative and postoperative outcomes is presented in Table 4 . While on univariable analysis there is a significant association with conversion rate, multivariable analysis failed to confirm this finding.
Spearman's rank correlations between the operative outcomes and the extension of LA are presented in Table 3 (number of resected LNs) and Table 4 (NU). We found a minimal association with operative time, major intraoperative complications (such as major bleeding for vessel damages) and conversions. A minimal association was also found with the type of performed LA (LND, q = 0.21; LN sampling, q = 0.20). The other specific outcome measures were as follows: (i) a postoperative arrhythmia showed 
DISCUSSION
VATS-L has recently gained increased popularity, compared with lobectomy by thoracotomy, because of its association with improved postoperative outcomes and less postoperative complications [1, 2] . Although several authors have demonstrated the efficacy of VATS-L, the issue is still debated [13, 14] . Notably, the effectiveness and safety of VATS LA outside speciality centres or during the LC is considered a critical point [2] . Several authors compared LA during VATS and open surgery and found similar results in terms of number of resected LNs, number of sampled or dissected stations and overall survival. D'Amico et al. [15] analysed the National Comprehensive Cancer Network NSCLC database to compare the efficacy of mediastinal LND during VATS-L (199 patients) and thoracotomy (189 patients) and found no significant difference in the effectiveness of LA between the 2 approaches. Watanabe et al. [16] evaluated the effectiveness of VATS LA based on the number of dissected LNs per station, comparing VATS-L (221 patients) with thoracotomy (190 patients) and observed no differences. Several other studies focus on comparing VATS versus open thoracotomy LA, while just a few papers evaluate whether the extension of VATS LA may affect intraoperative or postoperative complications or, in other words, the safety of VATS-L. Our study is based on a large, well-audited database and focuses on the safety of LA performed during VATS-L; using this data set, we searched for correlations between the extension of LA performed by VATS and the intraoperative and postoperative outcomes. Extension of LA has been evaluated based on the number of resected LNs and on the rate of NU, as a predictor of the efficacy of intraoperative LN management. These parameters have been consistently shown to be effective measures of the quality of VATS LA [16] [17] [18] .
Data from the VATS Group institutions have been considered only if complying with the cut-off of 75 cases. Unfortunately, the database does not include information about the LC of the participating centres.
By setting the limit of 75 cases, higher than the 50 cases threshold that is usually set as a LC period [1, 19] , we aimed at (i) selecting high-volume centres that definitely completed their LC (at least in the period covered by the study) and excluding lowvolume centres or early VATS adopters. However, we cannot completely exclude that cases belonging to the LC have been included in the study.
In our series, an overall mean number of 13.42 nodes was harvested from N1 + N2 stations, while a mean number of 6.32 and 7.10 nodes were retrieved from N1 and N2 stations, respectively; these data matched those of other sizeable VATS-L series in the literature [20] . Unfortunately, the Italian VATS Group database does not contain data about the number and location of the specific N2 and/or N1 LN stations resected. Similarly, the NU rate of 9.68% compares well with the rates reported from other large multicentre databases such as the National Cancer Database (12. 8% for open lobectomies vs 10.3% for VATS) [21] . Furthermore, as expected, the number of resected LNs is significantly associated with the rate of NU, confirming that the more the nodes are resected, the higher is the accuracy of nodal staging.
Based on these results, we considered VATS LA within the Italian VATS community as an efficient and oncologically correct procedure in line with other large series.
The extension of VATS LA did not influence operative time (mean time: 187.4 ± 69.9 min) and showed no correlation with the number of resected LNs and NU rates. Decaluwe et al. [22] reported a conversion rate of 5.5% in a large multicentre series (n = 3076 VATS lobectomies). Our conversion rate is higher (9.3%) but shows no correlation with the extension of LA. Notably, the same series reported vascular damage as a cause of conversion in 2.9% of the cases; we recorded the same incidence of intraoperative vascular injury but, again, no correlation was found with the number of resected LNs and NU. Advocates of an extended LA argue that radical resection of mediastinal LNs not only represents an accurate staging technique but is also associated with improved survival [18, 19, 23] . Nevertheless, a VATS extended LA is more frequently technically demanding, and several postoperative complications can be related to an aggressive mediastinal dissection (phrenic and recurrent laryngeal nerve injury, chylothorax, bleeding, bronchial fistula, etc.). A limited mediastinal dissection (such as sampling) could provide better outcomes, a shorter chest drain duration and hospital stay that are frequent features of VATS-L series. Mokhles et al. [24] , in a review comparing the results of systematic mediastinal LA versus mediastinal sampling (a total of 1980 patients during the period 1989-2007), found higher (but not statistically significant) rates of perioperative complications (including bleeding, chylothorax and recurrent nerve palsy) with systematic LA. In our series, the extension of VATS LA did not affect postoperative mortality (absent in this population) and morbidity (accounting for 12, 7%); on both multivariable analysis and Spearman's rank correlation, the incidence of postoperative complications was not affected by the number of resected LNs and by NU. Notably, the rate of N0-to-N2 and N1-to-N2 upstaging did not affect any intraoperative or postoperative outcome measure; based on these results, we could speculate that LA of N2 stations by VATS is safe and does not influence the intraoperative and postoperative course. On the other side, prolonged air leak, arrhythmia, chest drain duration and hospital length of stay are moderately influenced by the number of resected N1 nodes and by N0-to-N1 NU; this result could suggest that an aggressive hilar (station 10), interlobar (station 11) and lobar (station 12, same or different lobe) LA could have a negative influence on the postoperative course compared to LA of N2 stations. No correlation at all was found between the extension of VATS LA and the incidence of postoperative chylothorax, bleeding, nerve injuries, bronchial fistula and other parenchymal complications (acute respiratory distress syndrome, pneumonia and atelectasis). Taken as a whole, our data show that VATS LA among the Italian VATS community resulted in postoperative mortality and morbidity rates in line with other large series [1, 2, 13] . Unfortunately, at the present time, we do not have enough data to evaluate the influence of VATS LA on survival.
The current study captures the practice patterns of general thoracic surgeons at 23 Italian institutions and includes every patient eligible for analysis during the time frame of the survey. Although this is a retrospective analysis and does not have the consistency of a prospective study, the database reflects the practice of surgeons outside the potential bias of a trial specifically focused on LN assessment. The database provides the advantages of a large sample size, the comprehensiveness of the data elements included, the inclusion of multiple institutions and rigorous quality control.
Limitations
This study has several limitations. The database is large and multi-institutional but is limited to Italy, and the practice patterns may not be representative of other centres outside Italy. This analysis is subject to selection bias in the choice of procedure, considering the higher percentage of patients with clinical stage I disease. Moreover, this report does not include disease-free or overall survival, which hopefully will be available for later studies. Finally, this database includes the number of LN resected and NU rather than the number of LN stations, which is another important parameter in evaluating the quality and extension of LA; therefore, station-specific complications (e.g. left recurrent laryngeal nerve injury for station 5) could not be assessed.
CONCLUSION
In conclusion, based on the Italian VATS Group database, performing an extended LND during VATS-L in experienced centres did not increase the risk of intraoperative and postoperative complications.
